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Abstract We quantified associations between IgE and

cancer in a meta-analysis and cohort study. Pubmed and

Embase were searched to extract information using pre-

defined inclusion criteria. In the Apolipoprotein MOrtality

RISk (AMORIS) database, 24,820 persons had IgE mea-

surements. Multivariate Cox proportional hazard models

were used to analyze associations between IgE and cancer.

Twenty-seven studies were reviewed from which seven

case–control studies were included for analysis. The pooled

relative risk (random effects model) was 0.97 (95% CI

0.86–1.09). Cell types of tumor origin (mesenchymal tissue

or cells of the nervous system, lymphatic or hematopoietic

tissue, and epithelium) modified the effect. In the AMORIS

cohort, 862 persons developed cancer. Hazard ratios

comparing quartiles of IgE were similar to the findings in

the meta-analysis (HR 0.87 (95% CI 0.72–1.06); 0.94
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G. Walldius

Department of Medicine, Karolinska Institutet, Stockholm,

Sweden

e-mail: goran.walldius@ki.se

M. Lambe

Department of Medical Epidemiology and Biostatistics,

Karolinska Institutet, Stockholm, Sweden

I. Jungner

Department of Medicine, Clinical Epidemiological Unit and

CALAB Research, Karolinska Institutet, Stockholm, Sweden

e-mail: Ingmar.Jungner@ki.se

A. Hayday

Cancer Research, London Research Institute, London, UK

123

Cancer Causes Control (2010) 21:1657–1667

DOI 10.1007/s10552-010-9594-6



(0.78–1.14); 0.90 (0.74–1.10) for the 2nd, 3rd, and 4th

quartile compared to the 1st quartile), but there was no

pattern by tumor origin. Both studies showed a weak

inverse association between IgE and cancer, but a pattern

by cancer type was only seen in the meta-analysis. Our

findings suggest the need for prospective studies studying

IgE and cancer. Measurements of IgE should be combined

with other information, e.g., bio-banked samples contain-

ing other key immunological discriminators.

Keywords Cancer � IgE � Meta-analysis � Sweden �
Atopy

Introduction

Numerous studies looked into the association between

atopy and cancer [1–3]. About 40% of people in Western

populations have symptoms of atopy, defined by exagger-

ated immunoglobulin E (IgE) responses to myriad common

environmental allergens [4].

Three distinct perspectives underpin the possible associ-

ation of atopy with cancer. According to the ‘‘antigenic

stimulation’’ hypothesis, atopic inflammation contributes to

cancer by causing oxidative damage that activates mutations

in tumor suppressor genes or post-translational modifica-

tions in proteins involved in DNA repair or apoptotic control

[5–7]. Conversely, the ‘‘immune surveillance’’ theory pro-

poses that atopy is a consequence of a generalized enhanced

immune responsiveness that has the capability to detect and

eradicate dysregulated cells. An inverse association between

cancer and allergy is also predicted by the ‘‘prophylaxis’’

hypothesis, by which allergic reactions frequently expel

mutagenic toxins, microorganisms and environmental con-

taminants, promote tissue repair, and encourage behavioral

avoidance of irritants and toxins antigens [7]. Nonetheless,

reports that allergies associate with either reduced or

increased risk of cancer are collectively inconsistent [7–9].

One reason for inconsistency may be the nature of atopy

assessment. Self-completed questionnaires and interviews

are most commonly used, with some use of skin prick

testing and IgE measurement [2, 3]. Vojtechova et al.

found in their meta-analysis no evidence for an association

between asthma, hay fever, or ‘any allergy’ and cancers of

the breast, prostate, or colorectum. They did, however, find

a positive association of atopy (assessed by allergen-spe-

cific IgE or skin prick testing) with prostate cancer, but

only one of the studies included in the meta-analysis used

IgE to assess atopy [3]. The use of self-completed ques-

tionnaires or interviews to evaluate atopy can be prob-

lematic as it may lead to misclassification of exposure and

to recall bias. Toren et al. [10] showed that patients with

mild asthma are less prone to report it in a questionnaire.

Inconsistent findings might also relate to the fact that

atopy influences different tissues in different ways. Since

allergies occur primarily at body surfaces, it is logical that

inverse relations between allergy and cancer may be more

overt for cancers of the corresponding tissues and organ

systems (e.g., mouth and throat, lungs, skin) versus sites

that do not directly interface with the environment (e.g.,

prostate, breast, hematopoietic tissue) [7]. Indeed, different

types of tissue are more generally associated with different

immunological reactions [11–13], which gives a rationale

to study cancers by tissue of origin when investigating the

association of cancer and atopy.

Thus, we examined the association between IgE mea-

surements and overall cancer as well as subtypes of cancer in a

meta-analysis, and in the Swedish Apolipoprotein MOrtality

RISk (AMORIS) database, which provided measurements for

IgE in a cohort including 862 persons with cancer.

Methods

Meta-analysis

Literature search strategy

We used computerized literature search databases (Pubmed

search followed by an Embase search) to identify full text

and abstracts published to date. ‘‘Immunoglobulin E’’,

‘‘neoplasms’’, and ‘‘cancer’’ were used as search terms.

Except for English language and human subjects, no fur-

ther restrictions were added to the search. Thus, we

included ‘‘grey literature’’, such as letters and abstracts

presented in relevant conference meetings. All references

of the selected articles were checked so as to validate the

completeness of the electronic searches.

Inclusion criteria

The following set of inclusion criteria was used to select the

final set of studies: the publication pertained to an epidemi-

ologic study, which measured IgE levels in association with

cancer risk; the type of cancer was defined as well as the

measurement and cut-off value for IgE; the analytical

methods were well described. To include studies of large

enough power, only those with at least 20 cancer cases were

included. Initially, titles of articles were reviewed in order to

ascertain whether they might potentially fit the inclusion

criteria. If, after assessing the abstract, there was any doubt

over whether it met the relevant criteria, it was subjected to

more thorough, subsequent assessment. The list of potential

articles was further shortened by performing detailed eval-

uations of the methods and results of each remaining paper.

Figure 1 provides detailed information regarding the pro-

gressive ‘flow’ of the study exclusion process.
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Data extraction

The following details were recorded for each study: author,

year of publication, country where the study was under-

taken, IgE levels and measurement methods, study type

(case–control or cohort), cancer type, and number of cases

and total subjects for each level of IgE.

Meta-analysis statistical techniques

The effect of IgE on cancer risk was evaluated by calculating

the random effects summary relative risk to allow for pos-

sible heterogeneity between study results. The analyses were

conducted for dichotomized values of total IgE, specific IgE,

and a combination of both. Since all IgE measurements were

dichotomized, a first meta-analysis combined all studies. If a

study reported both total and specific IgE, total IgE was used.

To verify whether the results differed by type of IgE, sensi-

tivity analyses were conducted in which either total or spe-

cific IgE was excluded. The analysis was also stratified by

type of cancer based on the tissue in which the cancer orig-

inated. The following strata were created based on ICD-7

codes: epithelial tissue (140–180, 190–191, 194–195, 199),

lymphatic and hematopoietic tissue (200–209, 198), and

mesenchymal tissue and cells from the nervous system (192–

193, 196–197). For cancer with origin in mesenchymal tissue

and cells from the nervous system, the analysis was based on

all studies measuring total IgE, whereas for the other two

types of cancer origin, we included studies that measured

specific IgE. In order to account for the previously shown

association between atopy and lung diseases, a sensitivity

analysis was conducted for epithelial cancer excluding lung

cancer. Potential heterogeneity of the study results was

assessed with a forest plot, which displays the relative risk

estimates of cancer risk comparing both levels of IgE, for

each study. Potential heterogeneity of the study results was

also statistically evaluated using the Q-statistic as well as the

I2 statistic [14]. Effect modification by country and year was

assessed by conducting a meta-regression. Potential publica-

tion bias was assessed using Begg’s Test and Egger’s funnel

plot. All analyses were performed using STATA (version 10).

AMORIS study

Study population and data collection

The AMORIS study (1985–1996), a prospective observa-

tional study, contains 351,487 men and 338,101 women,

mainly from the greater Stockholm area (Sweden) with age

ranging from \20 years to [80 years. The participants

were either healthy individuals referred for clinical labo-

ratory testing as part of health checkups or outpatients

referred for laboratory testing. All laboratory analyses were

done at the CALAB laboratory, Stockholm [15]. No indi-

viduals were inpatients at the time their blood samples

were taken, and none were excluded from the database for

disease symptoms or because of treatment. More than 60%

were known to be fasting at the time of blood sampling. A

more detailed description of the AMORIS study is given

elsewhere [16–19]. The AMORIS database was linked to

the Swedish National Cancer Register as well as the Cause

of Death Register and the consecutive Swedish Censuses

during 1970–1990 by using the Swedish 10-digit personal

identity number [20]. Socioeconomic characteristics were

obtained from the censuses including socioeconomic status

(SES). SES is based on occupational groups and classifies

gainfully employed subjects into manual workers and non-

manual employees below denoted blue-collar and white-

collar workers [21]. The National Cause of Death Register

records all deaths in Sweden with date and underlying and

contributing causes of death since 1961 and was used to

determine vital status [20]. Incident cases of cancer were

identified using the Swedish National Cancer Register,

which was founded in 1958 and covers the entire Swedish

population. According to the law, every case of diagnosed

cancer must be notified to the cancer registry by the

responsible clinician and also by the pathologist/cytologist

[22, 23]. Follow-up was terminated at emigration out of

Sweden as recorded in a national register of emigrations.

We used a sub-cohort of all 26,300 persons aged 20 or

older, whose levels of IgE were measured at baseline and

19 Excluded based on abstract:
• Outcome not Cancer risk: 6
• Not original research: 1
• Missing informa�on for 
methodology: 12

7 Included in Primary Analysis

1 Excluded based on full ar�cle:
• Not enough cases: 1

8 Poten�ally appropriate for inclusion

No addi�onal studies were found 
within the references of these 
8studies.

Search results for IgE and Neoplasms: 

27 poten�ally relevant studies

Fig. 1 Flow chart of study selection for meta-analysis of IgE and

cancer
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took the following information from the AMORIS study:

IgE (kU/L), age at diagnosis, and gender. The quantitative

determination of IgE was done with an ELISA/2-step

sandwich assay using a fully automatic immunoassay

system ES 700 (Boehringer—Mannheim, Germany) with a

coefficient of variation\5%. From the other registries, we

collected information regarding SES, cancer diagnosis, and

death. Persons diagnosed with benign neoplasms or with a

cancer diagnosis prior to their IgE measurements were

removed from the sub-cohort (n = 1,480).

Data analysis

Multivariate Cox proportional hazards regression was used

to investigate quartiles of IgE (\19.10, 19.10–47.30,

47.30–122.70, [122.70 kU/L) as well as clinical cut-offs

of IgE (\25, 25–100,[100 kU/L [24]) in relation to cancer

risk. The analysis was conducted for overall cancer and

cancer originating in epithelial, lymphatic and hematopoi-

etic, and mesenchymal tissue and in cells from the nervous

system. All models took into account age, SES, gender, and

seasonality (December–February, March–May, June–

August, and September–November). The latter one is

defined as the month in which the IgE measurement was

taken. The analysis was repeated for quartiles of IgE

among persons who had an IgE measurement within the

90th percentile in order to account for the ‘open ending’ of

the fourth quartile of IgE in the original analysis. Another

sensitivity analysis was conducted in which those who had

their IgE measurement taken within 1.5 years prior to

cancer diagnosis were deleted. This analysis was under-

taken to exclude study subjects where symptoms related to

an undiagnosed cancer might have led a person to have her/

his blood samples taken and where IgE levels might

therefore have been influenced by ongoing disease. Finally,

the multivariate Cox proportional hazards regression was

also conducted for a dichotomized value of IgE (cut-off

35 kU/L) to compare the results from our cohort study with

those from our meta-analysis. All analyses were conducted

with Statistical Analysis Systems (SAS) release 9.1.3 (SAS

Institute, Cary, NC). This study complied with the Decla-

ration of Helsinki, and the ethics review board of the

Karolinska Institute approved the study.

Results

Meta-analysis

The initial search for papers on IgE and cancer risk resulted

in 27 articles. After extracting information from the

abstracts, seven case–control studies were selected for

primary data analysis. Two studies were conducted in

Northern America and five in Europe. The major reasons

for excluding articles were missing information on meth-

ods and statistical analyses (n = 12), and cancer not as an

outcome variable in the analysis (n = 6). Six different

cancer types (glioma, breast, lung, lymphoma, prostate, and

colorectal) were studied in association with IgE, and all

cancer diagnoses were histologically confirmed. Three

studies reported measurements for total IgE while six

reported measurements for specific IgE (Fig. 2; Table 1).

Two important methodological characteristics of the

selected case–control studies are the control selection and

the IgE collection. Five of seven studies used random

controls selected via, for instance, random digit dialing

(n = 2) or from general health surveys [24–28]. Two

studies used hospital-based controls seen in the hospital for

a diagnosis distinct from the cancer outcome of interest

[29, 30]. The methods used to measure IgE are described in

Table 1. It is also important to know the time at which

measurements were conducted in relation to cancer diag-

nosis: unfortunately, such information is not clearly

described for each study. Melbye et al. conducted, in

addition to a case–control study, a small prospective cohort

study (198 cancers) in which the association between

specific IgE seropositivity and risk of non-Hodgkin lym-

phoma was analyzed by time between IgE measurement

and cancer diagnosis. The shorter the time interval, the

more protective was the association, although none of the

findings was statistically significant [26].

The random effects analysis, comparing overall cancer

risk and IgE exposure status (total and specific combined),

showed a pooled effects relative risk of 0.97 (95% CI 0.86–

1.09). The Q-statistic and I2 statistic suggested heteroge-

neity (Q = 31.26; df = 9; p \ 0.001; I2 = 71.2%), which

can also be observed in the corresponding forest plot

(Fig. 2a). A sensitivity analysis in which we only studied

the association between specific IgE exposure status and

overall cancer resulted in a pooled relative risk of 1.02

(95% CI 0.87–1.19). The pooled relative risk was 0.86

(95% CI 0.71–1.05) when only studying the association

between total IgE and cancer. Meta-regression analysis did

not show any effect modification by year or country.

Egger’s funnel plot showed a symmetric spread of the

studies indicating that there was no publication bias

(Fig. 3).

When grouping cancer sites, we observed a protective

effect of total IgE for cancers with origin in mesenchymal

tissue or cells of the nervous system (pooled RR 0.80; 95%

CI 0.70–0.91) and a protective effect of specific IgE for

cancer with origin in lymphatic and hematopoietic tissue

(pooled RR 0.82; 95% CI 0.70–0.95) (Fig. 2b, c). An

increased risk was seen for those cancers with origin in

epithelial tissue when combining the studies on specific

IgE (pooled RR 1.14; 95% CI 1.02–1.27) (Fig. 2d).

1660 Cancer Causes Control (2010) 21:1657–1667

123



AMORIS study

A total of 862 persons developed cancer during follow-up

time, from which 767 developed a cancer of epithelial

origin, 62 a cancer with lymphatic or haematological ori-

gin, and 33 a cancer originating in mesenchymal tissue and

cells of the nervous system. Most cancers developed in

women (62.2%), which is likely attributable to the age

structure of the cohort and the ensuing distribution of

cancer types: about 34% of female cancers were malignant

neoplasia of breast and genital organs. The age distribution

of this study cohort is young (mean age of 41) compared to

the total Swedish population since most measurements

were taken as part of health examinations done at company

health checkups (Table 2).

Multivariate Cox regression (adjusted for SES, age, and

gender) for the association between quartiles of IgE and

overall cancer diagnosis showed associations that deviated

modestly from unity. However, for overall cancer, the

estimates were consistently below one, albeit not signifi-

cant (Table 3). Similar results were found when using

clinical cut-offs of IgE (Table 4). When grouping cancer

sites, we observed a weak protective effect for cancers

originating in epithelial tissue, but did not find any

consistent pattern for cancers with origin in lymphatic or

hematopoietic tissue or mesenchymal tissue and cells of the

nervous system. An analog analysis for those with an IgE

measurement within the 90th percentile did not show other

findings (results not shown); nor did the sensitivity analysis

in which we excluded those who had their IgE measure-

ments within 1.5 years prior to their cancer diagnosis

(Tables 3, 4). An extension of the exclusion period to

5 years did not alter the findings (results not shown).

To compare our findings with the meta-analyses, we

repeated the analyses using a dichotomized variable for

IgE. The HR for overall cancer was 0.97 (95% CI 0.85–

1.11), and the HRs for the different cancer types were 0.98

(95% CI 0.85–1.13), 0.94 (95% CI 0.57–1.56), and 0.89

(95% CI 0.45–1.78) for cancer with origin in epithelial

tissue, lymphatic and hematopoietic tissue, and mesen-

chymal tissue and cells from the nervous system,

respectively.

Discussion

There are few comprehensive studies of association

between IgE and cancer risk. This report presents both the

(a) (b)

(c) (d)

Fig. 2 Forest plot for the association between IgE (specific and total) and overall cancer (a), cancer with origin in mesenchymal tissue or cells of

the nervous system (b), cancer with origin in lymphatic or/and hematopoietic tissue (c), and cancer with origin in epithelial tissue (d)
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first meta-analysis and the first large prospective cohort

study investigating this association. Both the meta-analysis

and the cohort study show a weak negative association

between IgE and overall cancer risk, albeit not statistically

significant. For cancers with origin in epithelium, the meta-

analysis showed a positive association, whereas the pro-

spective cohort study showed a negative effect.

Most studies on allergies and atopy and cancer have

used physicians’ physical examinations or self-reports to

health care professionals [7, 8, 31]. Most were case–control

studies and assessed allergy histories retrospectively,

which may lead to misclassification of exposure dependent

on case status, i.e., recall bias. Moreover, high levels of IgE

and atopy do not always correlate with clinically recog-

nized allergies, placing qualifications of any equivalence of

IgE and recounted history of allergy. To better define the

association between atopy and cancer, some recent studies

have analyzed the association between IgE levels and

cancer diagnosis [24–30], although all such studies were

also case–control studies in which the validity is much

dependent on the method of selection controls [8, 27]. As a

consequence of the case–control design, all IgE measure-

ments were taken after tumor diagnosis and only two

studies reported IgE measurements taken before treatment

initiation [26, 30]. This is of importance as several cancer

treatments have been suggested to increase IgE concen-

trations. Wiemels et al. showed that temozolomide, a

common treatment for glioma, may influence IgE levels in

relation to glioma risk [24, 28]. Supporting evidence was

also observed in natural killer cell-depleted mice: whole-

Begg's funnel plot with pseudo 95% confidence limits
lo

gr
r

s.e. of: logrr

0 .1 .2

-.4

-.2

0

.2

Fig. 3 Egger’s Funnel plot as a test for publication bias

Table 2 Descriptive characteristics of the selected AMORIS cohort

No cancer Overall

cancer

Cancer with origin

in epithelial tissue

Cancer with origin in

lymphatic and

hematopoietic tissue

Cancer with origin in

mesenchymal tissue and

cells from the nervous system

n = 23,958 n = 862 n = 767 n = 62 n = 33

Age (years); mean (SD) 41 (14) 55 (13) 55 (13) 55 (14) 46 (15)

Gender

Men 10,010 (41.78) 326 (37.82) 282 (36.77) 32 (51.61) 12 (36.36)

Women 13,948 (58.22) 536 (62.18) 485 (63.23) 30 (48.39) 21 (36.36)

SES

White collar 7,843 (32.74) 364 (42.33) 325 (42.37) 23 (37.10) 16 (48.48)

Blue collar 10,640 (44.41) 343 (39.79) 302 (39.37) 29 (46.77) 12 (36.36)

Not gainfully employed/missing 5,475 (22.83) 152 (17.98) 140 (18.25) 10 (16.13) 5 (15.15)

Seasonality

December–February 4,944 (20.64) 186 (21.58) 163 (21.25) 16 (25.81) 7 (21.21)

March–May 7,910 (33.02) 290 (33.64) 260 (33.90) 19 (30.65) 11 (33.33)

June–August 4,865 (20.31) 148 (17.17) 134 (17.47) 8 (12.90) 6 (18.18)

September–November 6,239 (26.04) 238 (27.61) 210 (27.38) 19 (30.65) 9 (27.27)

IgE (kU/L)—quartiles

\19.10 5,917 (24.70) 252 (29.23) 225 (29.34) 19 (30.65) 8 (24.24)

19.10–47.30 6,002 (25.05) 205 (23.78) 185 (24.12) 9 (14.52) 11 (33.33)

47.30–122.70 5,594 (23.35) 222 (25.75) 193 (25.16) 21 (33.87) 8 (24.24)

[122.70 6,045 (25.23) 183 (21.23) 164 (21.38) 13 (20.97) 6 (18.18)

IgE (kU/L)—clinical cut-offs

\25 7,567 (31.58) 313 (36.31) 277 (36.11) 24 (38.71) 12 (36.36)

25–100 9,210 (38.44) 313 (36.31) 278 (36.25) 23 (37.10) 12 (36.36)

[100 7,181 (29.97) 236 (27.38) 212 (27.64) 15 (24.19 9 (27.27)
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body radiation was correlated with elevated IgE production

[32]. Hence, our prospective cohort study, with IgE mea-

surements prior to tumor development, adds value to the

existing literature on IgE and cancer.

Paradoxically, the growing interest in IgE and cancer is

based on diametrically opposed perspectives about atopy and

the action of IgE. For example, atopy may be interpreted to

reflect a generalized immune hyperresponsiveness immune

response that enhances natural immunosurveillance. Indeed,

IgE is a product of Th2 responses that are promoted in tissues

by the cytokine, ‘‘Thymic Stromal Lymphopoietin’’ (TSLP),

released by ‘‘stressed’’ epithelial cells. Hence, high IgE may

reflect a natural activation of immune-surveillance mecha-

nisms, possibly promoted by cancers undiagnosed at the time

of sampling. IgE has the capacity to recognize overexpressed

tumor antigens and to then mobilize the cytotoxic effector

functions of mast cells, eosinophils, and basophiles follow-

ing binding to the Fce-receptor [1]. This was demonstrated

by Karagiannis et al. [33] in the context of human ovarian

carcinoma xenografts. Likewise, a positive association

between natural killer (NK) cell activity and serum IgE was

reported in 66 healthy non-allergic males [34]. Overall, this

perspective seems consistent with the findings in the meta-

analysis of a protective effect of high IgE levels for lym-

phatic and hematopoietic cancers as well as mesenchymal

and neural cancers. It is also consistent with proposals to

employ tumor-specific IgE in experimental immunotherapy.

However, challenging this standpoint are claims that when

armed with a tumor-specific IgE antibody, effector cells from

atopic individuals are less tumoricidal than effectors from

non-atopic individuals, perhaps because their Fce receptors

are pre-bound by high levels of allergen-specific IgE [35].

An alternative perspective is that high IgE does not

reflect generalized hyperimmune responsiveness, but rather

an inappropriate skewing toward Th2 responses. Since

signatory Th2 cytokines, such as IL-4 and IL-13, suppress

interferon-c (IFNc)-associated inflammatory Th1 and

cytolytic responses, atopy would be predicted to segregate

Table 3 Hazard ratios (HR) and 95% confidence intervals (CI) for quartiles of IgE and different types of cancer

First quartile Second quartile Third quartile Fourth quartile

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Total group (n = 24,820)a

Overall cancer (n = 862) 1.00 Ref. 0.87 (0.72–1.06) 0.94 (0.78–1.14) 0.90 (0.74–1.10)

Origin in epithelial tissue (n = 767) 1.00 Ref. 0.86 (0.70–1.05) 0.94 (0.77–1.14) 0.87 (0.70–1.08)

Origin in lymphatic or hematopoietic tissue (n = 62) 1.00 Ref. 0.48 (0.22–1.07) 1.12 (0.60–2.10) 0.76 (0.37–1.55)

Origin in mesenchymal tissue or cells of the nervous system (n = 33) 1.00 Ref. 1.44 (0.58–3.58) 1.07 (0.40–2.85) 0.84 (0.29–2.43)

Measurement taken min 1.5 years prior to cancer diagnosis (n = 24,658)a

Overall cancer (n = 700) 1.00 Ref. 0.88 (0.72–1.08) 0.95 (0.78–1.16) 0.90 (0.73–1.11)

Origin in epithelial tissue (n = 625) 1.00 Ref. 0.89 (0.72–1.10) 0.93 (0.75–1.15) 0.91 (0.73–1.14)

Origin in lymphatic or hematopoietic tissue (n = 47) 1.00 Ref. 0.47 (0.19–1.16) 1.01 (0.49–2.07) 0.73 (0.32–1.63)

Origin in mesenchymal tissue or cells of the nervous system (n = 28) 1.00 Ref. 1.38 (0.48–3.99) 1.40 (0.49–4.06) 1.10 (0.35–3.43)

a Adjusted for SES, age, gender, and seasonality

Table 4 Hazard ratios (HR) and 95% confidence intervals (CI) for clinical cut-offs of IgE and different types of cancer

IgE \ 25 kU/L 25 B IgE B 100 kU/L IgE [ 100 kU/L

HR 95% CI HR 95% CI HR 95% CI

Total group (n = 24,820)a

Overall cancer (n = 862) 1.00 Ref. 0.89 (0.76–1.05) 0.97 (0.82–1.15)

Origin in epithelial tissue (n = 767) 1.00 Ref. 0.90 (0.76–1.07) 1.00 (0.83–1.20)

Origin in lymphatic or hematopoietic tissue (n = 62) 1.00 Ref. 0.82 (0.46–1.45) 0.73 (0.38–1.40)

Origin in mesenchymal tissue or cells of the nervous system (n = 33) 1.00 Ref. 0.88 (0.39–1.95) 0.89 (0.37–2.12)

Measurement taken min. 1.5 years prior to cancer diagnosis (n = 24,658)a

Overall cancer (n = 700) 1.00 Ref. 0.86 (0.72–1.02) 0.96 (0.79–1.16)

Origin in epithelial tissue (n = 625) 1.00 Ref. 0.87 (0.72–1.04) 0.97 (0.79–1.18)

Origin in lymphatic or hematopoietic tissue (n = 47) 1.00 Ref. 0.71 (0.37–1.39) 0.73 (0.35–1.51)

Origin in mesenchymal tissue or cells of the nervous system (n = 28) 1.00 Ref. 0.96 (0.39–2.37) 1.17 (0.46–2.97)

a Adjusted for SES, age, gender, and seasonality
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positively with cancer, particularly in epithelial tissues

where atopy is locally active. Some evidence for this was

apparent in the weak positive effect observed for epithelial

cancers. Challenging this standpoint, however, is the con-

cept that inflammation promotes tissue disruption, re-

organization, and re-vascularization that may collectively

promote tumor cell growth and dissemination [11, 12]. By

this perspective, the suppression of an inflammatory Th1

response might be beneficial. In short, there are many

reasons to investigate IgE and cancer, but the current

knowledge of human immunology is simply insufficient to

predict whether high IgE should positively or negatively

correlate with cancers in different tissues.

Clearly, positive and negative associations of IgE with

specific cancer types might be attributed to any of the

aforementioned immunological considerations, and one

might even propose that the capacity for Th2 responses to

simultaneously promote and suppress natural surveillance

will inevitably lead to inconsistent association data.

Moreover, yet other factors may be germane, for example

to the negative association between IgE and cancers of

mesenchymal or neural origin. As suggested by Wiemels

et al, high IgE levels may reflect another factor that reduces

these types of cancer, but does not affect (or even increa-

ses) cancer risk within epithelia [24].

Despite this statistically significant pattern by cancer

origin in the meta-analysis, the results need to be inter-

preted carefully as there are several study limitations. Few

studies were included and when stratifying by tissue of

origin, the analysis was sometimes limited to findings from

a small group of researchers. The assessment of IgE is

subject to measurement error and misclassification.

Dichotomization of IgE exposure (high vs. low), for

example, could lead to substantial variations in exposure

levels for ‘‘high’’. Unfortunately, it was not possible in this

meta-analysis to use dose-response data as the number of

relevant studies available to date was small and the qual-

itative classifications of IgE varied. In addition, assessment

of IgE levels can vary substantially between studies.

Between-laboratory variation is apparent because different

assays and methods of internal control were used. There

was also only one measurement of IgE used per person,

which could result in within-person variation. Repeated

measurement could have provided a more stable estimate

in order to prevent influence from seasonality. Moreover,

IgE levels could be influenced by ongoing cancer treat-

ments. It is unlikely that there is a lot of misclassification

for the cancer outcomes as all cancers have been histo-

logically confirmed. There might have been residual con-

founding from possible unmeasured or measured lifestyle

factors that differ between atopic and non-atopic persons.

For example, those with respiratory or gut allergies may

have distinctly different consumption and/or adsorption

levels of toxins [27]. Some of the case–control studies used

random digit dialing to select controls and some used

hospital-based control series; both methods imply that the

control series are not necessarily fully representative of the

study base that gives rise to the cases, and these designs are

therefore sensitive to selection bias.

Given the limitations of the case–control studies inclu-

ded in the meta-analysis, it was of interest to study the

association between IgE and cancer in a prospective cohort

study. Our findings in the AMORIS sub-cohort also

showed a weak trend by quartiles of IgE for overall cancer,

but did not show a pattern by cancer type. This lack of a

pattern by type of origin could be explained by the small

number of cancers in each subgroup. However, our pro-

spective data could also have less inherent bias than the

case–control data in the meta-analysis and reflect a true

lack of an association by tumor type. Furthermore, the time

between IgE measurement and cancer diagnosis might

have played a role in the case–control studies as undiag-

nosed cancers could have already affected IgE levels, as

outlined earlier. In this study, the mean time between IgE

measurement and cancer diagnosis was 4.5 years (SD 2.7).

It is unclear what the mean time between cancer diagnosis

and IgE measurement was in the studies included in the

meta-analysis.

For the meta-analysis, we made all possible efforts to

include all relevant publications available to date through

various sources, including grey literature, and the two main

online databases (PubMed and Embase). In addition,

clearly defined objective criteria for exposure, outcome,

and other study characteristics were specified a priori.

Publication bias is unlikely to be an issue as about half of

the studies included reported non-significant results

[25, 27, 28].

The major strength of this analysis is the large number of

persons with prospective measurements of IgE in AMORIS,

all measured at the same clinical laboratory. Use of national

health registers provided complete follow-up for each person

as well as detailed information on cancer diagnosis, time of

death, and emigration. Furthermore, assessment of both

exposure (IgE measurement) and outcome (cancer) was

conducted in an accurate manner. The AMORIS population

was selected by analyzing blood samples from health

checkups in non-hospitalized individuals. During the study

period, the all-cause mortality was about 14% lower in the

AMORIS population than in the general population of

Stockholm County when taking age, gender, and calendar

year into account [36]. Nevertheless, this healthy cohort

effect would not affect the internal validity of our study, and

it is also likely to be minor since it has been shown that the

AMORIS cohort is similar to the general working population

of Stockholm County in terms of SES and ethnicity. There

were no repeated measurements for IgE available nor was
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there information on possible other confounders such as

smoking habits.

Conclusions

Both our meta-analysis and cohort study showed a weak

negative association between IgE and cancer, but in con-

trast to the meta-analysis, the findings in the cohort study

did not show a pattern by cancer type. This contradiction

might be explained by a less inherent bias in prospective

data than in case–control data in the meta-analysis,

reflecting a true lack of an association by tumor type.

Given the current knowledge about IgE and cancer, there

are compelling reasons to continue to investigate this

association. Our findings suggest that prospective studies

might be more appropriate, but only if any future assess-

ments of IgE are undertaken in the context of other

immunological markers such as cytokines and effector cell

capabilities. In this way, the IgE status can be related either

to generalized hyperimmune responsiveness or to specific

Th2-skewing. By careful assessment of atopy and allergy,

it may also be possible to determine whether high IgE

levels are in part attributable to epithelial release of TSLP

prompted by genotoxic stress during tumor formation.
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